Introduction: Chronic obstructive pulmonary disease (COPD) is a disease with great impact on the ability to carry out physical activity. Objective: To identify the main factors that affect physical activity in the daily life of patients with COPD. Methods: Physical activity in daily routine has been evaluated according to the London Chest Activity of Daily Living scale (LCADL) and the pedometer counting the number of steps per day, for a period of three days. Fifty-five male patients with a diagnosis of moderate to very severe COPD were included (aged 67 ± 9.6 years; FEV 1 50.8 ± 14.7% predicted). Results: Patients walked on average 4972 steps per day. Very severe COPD patients (n = 12) walked much less than severe (n = 21) and moderate (n = 22) patients (respectively 3079.8 versus 4853.5 and 6118.1 steps per day, p < 0.001). The number of steps per day had a negative correlation with age, dyspnea (mMRC), depression, BODE index and pulmonary hyperinflation; and a positive correlation with the distance covered in the six-minute walk test (6MWT), forced expiratory volume in the first second (FEV 1 ), carbon monoxide diffusion capacity (DLCO), arterial oxygen saturation (SpO 2 ) and body mass index (BMI).
Introduction
Monitoring of the daily physical activity in patients with COPD has been a subject of study, since physical activity is known to be reduced 1,2 due to multifactorial causes and worsened prognosis.
The present recommendations 3 point out the benefits of moderately intense daily physical activity for at least 30 min 5 times/week (or 150 min/week) and considers those not meeting this goal as insufficiently active.
Physical activity in daily life can be measured with pedometers, 4 which evaluate the vertical body movement, counting the number of steps during a certain period of time, during a recommended evaluation period of three days. 5 Although less accurate than accelerometers, these devices provide a low-cost objective measurement of walking, a daily physical activity responsible for a great amount of the total energy expenditure.
Tudor-Locke and Bassett 6 proposed the following indices of physical activity measured with a pedometer in adults: less than 5000 steps per day ---''sedentary''; 5000---7499 steps per day ---''low active''; 7500---10,000 steps per day ---''somewhat active'' and more than 10,000 steps per day ---''active''.
The main goal of this study was to identify the factors that influence physical activity in the daily life in COPD patients. Secondary goals were: (1) to find out whether there were differences in physical activity according to airways flow limitation (GOLD spirometry grade 7 ) ; (2) to compare the number of steps per day measured with the pedometer and daily living activities (reported by London Chest of Activity Daily Living scale) and (3) to relate clinical, nutritional, psychological, lung function and exercise variables with daily living activities of COPD patients.
Methods

Sample
This study included 55 moderate to very severe 7 COPD patients, followed in the Pulmonology Unit and selected consecutively in a period of 7 months.
The inclusion criteria were: male sex; smoking history above 10 pack-years; COPD diagnosis; FEV 1 /FVC% ratio less than 70% and FEV 1 less than 80% of predicted postbronchodilation and stable disease (absence of exacerbation or change in treatment in the last three months). Exclusion criteria were other conditions that could also cause or enhance dyspnea (e.g. asthma, cardiovascular diseases), conditions that could impair physical activity performance (e.g. cerebrovascular, osteoarticular or psychiatric diseases) or already taking part in a pulmonary rehabilitation program.
The study was carried out at the Respiratory Physiopathology Laboratory, Centro Hospitalar de Torres Vedras, after being approved by the Centro Hospitalar de Torres Vedras Ethics Committee, and after obtaining written informed consent from the patients.
Characterization of the sample
Patients were clinically evaluated, including their smoking habits and the modified Medical Research Council (mMRC) dyspnea scale quantification. mMRC is formed by 5 grades (0 to 4), the highest value corresponding to the greatest limitation caused by dyspnea in the activities of daily life. 8 Anxiety and depression were investigated using the hospital anxiety and depression scale (HADS). This scale is composed of 14 items, 7 being related to anxiety and 7 to depression, with a maximum possible score of 21 for every quotation. 9 The nutritional assessment was based on the body mass index (BMI) evaluation, defined as the weight in kilos divided by the height in squared meters. According to the adopted reference values, 10 Tw o 6MWT were performed according to the standard methods 14 with a minimum interval of 30 min between them. The one with the longest distance covered was chosen. Arterial blood gases were assessed at the beginning and at the end of the 6MWT (Gas analyser Elnor Nova Biomedical Stat Profile pHOx Plus/c, Waltham, USA). Oxygen saturation by pulse oximetry and dyspnea by the modified Borg scale 15 were also evaluated at rest, in the beginning and immediately after 6MWT.
At the end of these evaluations, the BODE index was calculated. 16 
Evaluation of physical activity in daily life
Physical activity in daily life was evaluated according to LCADL scale and the number of steps per day, on three consecutive days, between Monday and Friday, was counted using the pedometer.
LCADL contains 15 activities of daily living (ADL) items, divided into four sections (self-care, domestic, physical and leisure), where the patients give to each item a score from 0 to 5, mentioning to what extent dyspnea interferes with these 15 activities. It is possible to get a total score of between 0 and 75. The higher the results on the scale the greater the limitation in ADL. 17, 18 After completing the scale, a pedometer Geonaute Dista T300 was given to each patient, who then placed it on their waistband when walking (pedometer had to be removed each time the patient takes a shower, lies in bed or in any other situation which might damage the gear), keeping to their daily routine for three days. 
Statistical analysis
Data are expressed as mean ± standard deviation (SD).
ANOVAs one-way test was used, followed by tests of multiple a posteriori comparisons of Tukey to assess the differences in physical activity in daily life according to flow limitation (GOLD spirometry grade).
We compared the number of steps per day measured with the pedometer and LCADL through the Spearman correlation coefficient. The number of steps per day was a dependent variable. The independent variable selection was achieved by Pearson's correlation coefficient analysis.
Finally, a stepwise multiple linear regression analysis was done, in order to estimate the influence of the variables on physical activity in the daily routine, according to the pedometer. The level of significance was set at p < 0.05.
All analysis was done with SPSS v.16.0 software (Statistical Package for the Social Sciences) for Mac.
Results
The clinical, nutritional, psychological, lung function features as well as features of physical activity of the sample are shown in Table 1 .
In the evaluation of daily life activities using the LCADL scale, there were differences with statistical relevance between the very severe patients (grade IV) and the patients with moderate COPD (grade II), with the former showing, on average, a higher total score in the LCADL scale (20.8 ± 5.1 versus 15.9 ± 3.6, p < 0.027).
The evaluation of physical activity in daily life measured with pedometer in all groups of patients showed that the average number of steps per day was 4972.4, distributed through different stages of the disease according to Fig. 1 . There were statistical differences between patients with COPD spirometry stage IV and patients with stages II and III, the very severe patients being those who walk less (on average 3079.8 versus 4853.5 and 6118.1 steps per day, p < 0.001).
Examining the linear correlation coefficients (Table 2) , the number of steps per day has shown a negative correlation with age, dyspnea, depression, BODE index, pulmonary hyperinflation and LCADL; it is positively correlated with the distance covered and with minimal oxygen saturation in 6MWT, FEV 1 , DLCO, and BMI. In order to test the contribution of every variable to explain the variance with the number of steps per day in the patients with COPD studied, we set a stepwise multiple regression analysis, so as to eliminate redundant variables. To this effect, all variables that had shown relevant correlations in the simple linear correlation analysis were included in the multiple regression analysis.
As a result, we got a model where the significant variables that helped to explain the number of steps per day (64.2% of its variance ---R 2 = 0.642) were dyspnea (mMRC) and the distance covered in 6MWT (Table 3) .
Discussion
In this study we identified the key factors related to physical activity in the daily life of a group of COPD patients at GOLD spirometry stage II to IV. These factors were dyspnea and the distance covered in 6MWT. Moreover, in our sample, there were differences between patients with stage IV and patients with moderate and severe COPD (stages II and III), the most severe cases being those patients who walk less in their daily routine (3079.8 steps per day) when compared to less severe patients (4853.5 steps per day) and the moderate ones (6118.1 steps per day). Even our moderate COPD patients are markedly sedentary, which classifies them as low active, as set out by Tudor-Locke and Bassett. 6 Watz et al. 19 also verified a larger reduction in COPD patients' daily life physical activity according to the severity of the disease, but present at all COPD stages, compared to chronic bronchitis patients.
In relation to LCADL scale, there were significant differences between COPD stage IV (20.8) and COPD stage II patients (15.9); the most severe patients were those who showed greater restrictions during activities of daily living.
Comparing the pedometer and LCADL scale, we verified a negative and moderate correlation (r = −0.499; p < 0.01) showing that the higher the ADL restraint, the lower the daily physical activity in these patients, assessed by the number of steps per day.
Among the factors that can limit physical activity in daily life, dyspnea is known to be rather variable in this population and its origin is recognized as multifactorial. The present study found a negative and moderate correlation (r = −0.661; p < 0.01) between dyspnea (mMRC) and the number of steps per day, and it was one of the main factors that contributed to its variance (ˇ = −0.406, p < 0.001), reflecting the effect of the downward spiral of COPD, derived from the interaction of dyspnea, inactivity and physical deconditioning, since the higher the dyspnea is, the higher the ADL restraint and the lower the number of steps per day will be. Dyspnea assessed on the Borg scale was also negatively correlated with the number of steps per day, suggesting that the degree of dyspnea developed in the walk test is similar to the one realized in ADL evaluated by mMRC scale. 21 Another determining factor for the variation of the number of steps per day was the distance covered in 6MWT (ˇ = 0.520, p < 0.001). The high linear association between the daily physical activity assessed with the pedometer and the distance covered in 6MWT (r = 0.719; p < 0.001) suggests that the pedometer gives a valid measurement of physical activity in this group with functional restraint, quantifying walking, which is the most common and available physical activity modality and seems to strongly contribute to the level of total daily physical activity. 22 Furthermore, this close relationship between the pedometer and 6MWT is comparable to what Fabio Pitta et al. also showed: the distance covered by 6MWT (functional exercise) has a high correlation with the physical activity level that patients develop in daily life.
1 In Pitta's study, activity was also positively related to accelerometer data, showing that a reduction in the distance covered in 6MWT is the best marker of inactivity during the daily life of patients with COPD.
In this study, FEV 1 was related in a positive and moderate way to the number of steps per day (r = 0.493; p < 0.01), as is also referred to in other studies. 1, 2, 19 Other authors, however, have not found any correlation between physical activity and the severity of COPD, probably owing to differences in the degree of obstruction, sample size and the instruments used to assess physical activity in daily routine. 23---26 As also mentioned in other papers, 27---31 most of the patients in this sample (80%) showed pulmonary hyperinflation at rest. As one of the most important factors associated with dyspnea in patients with COPD, in our study, pulmonary hyperinflation also showed a negative and moderate correlation with the daily physical activity assessed by the pedometer (r = −0.511; p < 0.01). However, it did not contribute to the variance in the number of steps per day in the multiple regression analysis.
Concerning gas exchanges, DLCO was positively correlated with the number of steps per day. Other authors 32, 33 also found a significant contribution of DLCO to the physical activity performance of COPD patients.
In this study, 76% of the patients showed arterial oxygen desaturation during the 6MWT and the minimal SpO 2 correlated positively with the number of steps per day (r = 0.633; p < 0.01)
Age was negatively correlated (r = −0.416; p < 0.01) with the level of physical activity registered by the pedometer, suggesting that older people are less active, walking fewer steps per day, as has already been shown. 34 BMI was associated in a positive, significant and weak way (r = 0.276; p < 0.05) to the number of steps per day, as also shown in other studies. 2, 35 The BODE index showed a negative and strong correlation with the number of steps per day (r = −0.741; p < 0.01). However, in the model of multiple linear regressions, its influence on the variance of the number of steps per day loses statistical relevance.
Psychological factors, such as anxiety and depression, have been described as frequent in these patients, contributing to a lower level of physical activity, even after well structured pulmonary rehabilitation programs. In this sample, the prevalence found was much lower than in other studies, 36---39 but depression was correlated in a negative but moderate way with the number of steps per day (r = −0.424; p < 0.01). Besides dyspnea and exercise capacity, psychological factors such as anxiety and depression, behavioral factors such as lack of motivation and self-efficacy, and social and environmental barriers are all capable of influencing physical activity and further studies should be directed at their identification and management.
There are some limitations to consider in this study. Since the sample only included male patients, we cannot apply the results to the female population. Although the prevalence of COPD is increasing in women, in Portugal it is still much more prevalent in men [18.7 versus 10.5% ---Bárbara et al. 43 ]. When recruiting patients for this study, there were so few COPD female patients that it would not have been possible to generalize the conclusions from these gender patients. Moreover, if there had been a control group it would have allowed us to compare the patients with another patient population group or to healthy people, thus marking their level of daily physical activity.
In this study the LCADL scale showed a low average total score (17.7), probably because the sample was formed by a male population, 73% of which stated they did not do any kind of household tasks, or because most of the patients underestimated the severity of their disease.
18,39---42 While most of them considered themselves as suffering from a light dyspnea, their average number of steps per day was low, showing how inactive they are in their daily lives.
Concerning pedometer data, it is not possible to control possible sources of error, such as low walking speed, forgetting or incorrectly setting the equipment or vibrations, e.g. when driving a car or a bicycle. These errors are assumed to have been reduced by keeping with a threeday record, as recommended. 5 As was demonstrated by Van Remoortel et al. in a recent systematic review (PROactive consortium), uniaxial pedometers are significantly less accurate than multisensor devices, particularly at slow walking speeds. 44 Therefore the results of our study should be treated cautiously.
In conclusion, the main factors that contributed to physical activity restraint in male COPD patients daily life assessed with a pedometer were dyspnea (mMRC) and the low functional exercise capacity (distance covered in the 6MWT). These results point to the need for a better control of these two issues in clinical practice. These patients are markedly inactive and show limitations in ADL, becoming these features more evident in patients with very severe COPD.
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